Biomimetic oxidation of a trans isomer of permethrin, fenvalerate, together with the corresponding chrysanthemic acid and alcohol moieties was conducted using catalytic amounts of six iron-porphyrins having different substituents, not only at b-and meso-positions but also the axial ligand of iron in the presence of hydrogen peroxide or meta-chloroperbenzoic acid as an oxidant. The several degradation products via cleavage of ester and ether linkages and hydroxylation were identified and some were found to be in vivo metabolites previously reported in plants, animal and insects. The introduction of electron-withdrawing substituents at b-and mesopositions of a porphyrin ring resulted in higher conversion and the weak electron donor as the axial ligand of iron was found to increase the oxidative reactivity of porphyrin. ©Pesticide Science Society of Japan Keywords: biomimetic oxidation, fenvalerate, iron-porphyrin, permethrin. 
Introduction
Microsomal cytochrome P450 (CYP) is a well-known hemecontaining monooxygenase forming a superfamily and plays an important role in the Phase I metabolism of xenobiotics 1, 2) From the viewpoint of reaction analysis and identification of metabolites, oxidative biomimetic systems are expected to be a useful approach even if only part of the oxidative metabolites can be obtained.
3) Among these methods, chemical oxidation by peroxide in the presence of a synthetic iron-porphyrin as a catalyst has been demonstrated to be an effective tool to obtain oxidative degradates for carbamate insecticide, 4) organophosphorus pesticides, 5) insect growth regulator 6) and triazine herbicide. 7) This reaction corresponds to the shunt pathway in CYP450 catalysis to produce the reactive intermediate, oxoiron (IV) porphyrin cation radical, (d) in Fig. 1 , which efficiently adds an atomic oxygen to a substrate molecule (path 4). The peroxide adduct of the iron porphyrin (b) is also known to directly reacts with a substrate (path 3), homolytically cleave to form oxoiron (IV) porphyrin (c) (path 1) or heterotically cleave to (d) (path 2), depending on the redox character of a porphyrin. 8) The applicability of biomimetic oxidation using iron-porphyrin was examined for two pyrethroids, trans-permethrin (I) and fenvalerate (II) in the present study. Since pyrethroids are known to undergo either abiotic or enzymatic hydrolysis and the produced cyanohydrin from II is successively transformed to the benzoic acid, trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanoic acid (t-Cl 2 CA), chrysanthemic acid (CRA), which is a common acid moiety in many pyrethroids, 3-phenoxybenzyl alcohol (PBalc) and 3-phenoxybenzoic acid (PBacid) were also subjected to catalytic oxidation. In order to identify the profiles of catalytic oxidation in more detail, the effects of the substituents at b-and meso-positions of iron-porphyrin with its axial ligand and that of an oxidative were also investigated. 
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Materials and Methods

Chemicals. trans-Permethrin (I) [3-phenoxybenzyl (1RS)-trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate], fenvalerate (II) [(RS)-a-cyano-3-phenoxybenzyl (RS)-2-(4-chlorophenyl)-3-methylbutyrate]
and their potential degradates were synthesized in our laboratory by the reported methods.
9-13) 14 C-I and II were prepared in our laboratory according to the reported procedures 14, 15) and their radio-chemical purities were determined to be greater than 98% by HPLC. The specific activity of 14 C-I labeled at 1-position of the cyclopropyl ring and those of 14 C-II uniformly labeled at chlorophenyl and phenoxyphenyl rings were 5.06, 11.2 and 10.5 MBq mg Ϫ1 , respectively. The 14 C-derivatives corresponding to the alcohol moieties, PBalc and PBacid as well as the chrysanthemic acid derivatives of I were prepared during the synthesis of 14 C-I and II. 14 C-labeled CRA was also synthesized by the reported method. 16) Abbreviations and the structure of reference standards employed in this study are presented in Table I . Other than the above reference standards, mono-hydroxylated compounds 9, 17) of I, II, PBalc, PBacid and t-Cl 2 CA, oxidized compounds at the alkenyl methyl group of CRA 18) , carboxy and amide derivatives of II and dePh-II 13) , 2,3-dihydroxybenzoic acid, 3,5-dihydroxybenzoic acid and phenoxymandelic acid were used for HPLC and TLC analyses, but were not detected and are not listed in Table 1 . The six iron porphyrins (Fig. 2) having different substituents at b-and meso-positions of the ring and an axial ligand were used. F 20 TPPFeCl and 4OMeTPPFeCl from Sigma-Aldrich Japan Co., Ltd. (Tokyo, Japan), F 20 Br 8 TPPFeCl from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), and F 20 Br 8 -TPPFeNO 3 and F 20 Br 8 TPPFeCF 3 SO 3 from Funakoshi Co., Ltd. (Tokyo, Japan) were respectively purchased and used without further purification. Cl 8 TPPFeCl was synthesized in our laboratory as reported. 19) The apparent valence of iron atom is ϩ3 in all porphyrins. Hydrogen peroxide (H 2 O 2 ) and meta-chloroperbenzoic acid (mCPBA) were purchased from Wako (Japan) and Sigma-Aldrich Japan Co., Ltd. (Tokyo, Japan), respectively, and other reagents were of the purest grade (99%) from Nacalai Tesque, Inc. (Kyoto, Japan).
Biomimetic Oxidation
Each radiolabeled substrate was isotopically diluted four or five thousand-fold with the corresponding non-radiolabeled compound in acetonitrile. After evaporation of acetonitrile, isotopically diluted substrate (5 mmol) and iron porphyrin (0.5 mmol) were vigorously stirred in 1.0 ml chloroform/ methanol (3/1, v/v) under air. After the addition of peroxide (50 mmol), the reactive vessel was closed and allowed to react at room temperature. An aliquot of the reaction mixture was directly analyzed after 2 and 50 min by HPLC co-chromatography with the authentic standards and furthermore, aliquots of 50-min samples were also subjected to TLC analysis.
Radioassay
Radioactivity in a reaction solution was determined by mixing each aliquot with 10 ml Perkin Elmer Emulsifier Scintillator Plus and analyzed by liquid scintillation counting (LSC) with Perkin Elmer Model 2900TR equipped with an automatic external standard. The level of background radioactivity in the LSC was 30 dpm, which was subtracted from the disintegration per minute value of each measured sample.
Spectroscopy
UV-vis spectra of porphyrins in chloroform at 0.1 mmol l
Ϫ1
were measured using a Shimadzu UV-2550 UV-visible spectrometer in a quartz cuvette of 1 cm path length at room temperature. NMR spectra were measured in CDCl 3 or CD 3 OD with a Varian Mercury 400-BB FT-NMR spectrometer using tetramethylsilane as an internal standard (dϭ0.0 ppm) at room temperature.
Chromatography
HPLC co-chromatography with non-radiolabeled compounds was conducted using a Shimadzu LC-20AT pump linked in series with an SPD-20A UV detector and a Perkin-Elmer Radiomatic 150TR radiodetector equipped with a 500 ml liquid cell, where UltimaFlo AP (Perkin-Elmer Japan Co.) was utilized as a scintillator. The following linear gradient solvent program with a flow rate of 1.0 ml min Ϫ1 was used for typical HPLC analysis using a Sumipax ODS A-212 column with 0.01% trifluoroacetic acid in water (solvent A) and methanol (solvent B): 0 min, 90%A-10%B; 30 min, 0%A-100%B. The retention times (R t ) for I, II and their metabolites are summarized in Table 1 . TLC co-chromatography with authentic standards was conducted with silica gel 60F 254 thin-layer chromatoplates (20 cmϫ20 cm, 0.25 mm thickness, E. Merck) using the solvent systems shown in the footnote of Table 1 . R f values for all compounds are listed in Table 1 . Non-radiolabeled standards were detected by exposing the developed TLC plates to ultraviolet light or iodine vapor, and autoradiograms were prepared by exposing the TLC plates to a BAS-IIIs Fuji imaging plate and then radiolabeled areas were visualized by a GE Healthcare Bio-Sciences Typhoon 9200 scanner.
LC-MS
Liquid chromatography-mass spectrometry with electrospray and atmospheric pressure chemical ionizations (LC-ESI/ APCI-MS) was performed in positive and negative ion mode with a Waters ZQ spectrometer equipped with ESCi multimode probe connected to a Waters Aliance HPLC 2695 system and a Perkin Elmer Flo-One/beta A-120 radio detector. Effluents were separated to mass spectrometer and the radio detector after passing through the photo diode array detector.
Molecular Orbital (MO) Calculations
The initial molecular geometry of each chemical was derived from the standard values of bond lengths and angles. The molecular geometries were fully optimized by the PM3 method using EF and PRECISE keywords in the WINMOPAC program (version 3.9, Fujitsu Ltd.). 20) The 1R, 3S-configuration and 2S, aS-configuration were conveniently chosen for I and II, respectively. Metabolic oxidation of pesticides in plants and animals is considered to proceed at the reaction site of CYP 21) , oxo-iron (IV) porphyrin cation radical. To estimate the possible sites to be oxidized, an electrophilic reaction index (f E ) was calculated using the method 22) below, and an atom with a larger f E value was considered to be more susceptible to metabolic oxidation.
where, C j i is an eigenvector coefficient of the ith atomic orbital in the jth MO, including HO (highest occupied) MO for each atom.
Results
Biomimetic oxidation
Degradation profiles of I and II are summarized in Tables 2-5 and Fig. 3 . Good recovery of 14 C from the reaction mixture as well as the HPLC column was obtained (Ͼ92.2%). The percents of the residual parent compound and degradation products are listed in the Tables. Many unidentified products were detected in a wide range of HPLC retention times but did not exceed 2% of the applied 14 C. Oxidative degradation was enhanced by the introduction of either bromine at b-positions or the electron-withdrawing moiety at meso-positions of the porphyrin ring. Substitution of the axial ligand of iron from chloride to nitrate or tirfluoromethyl sulfate also increased the oxidative reactivity of the porphyrin, as demonstrated for F 20 Br 8 TPPFe. In general, mCPBA was a more efficient peroxide than H 2 O 2 . The total percentage of the primary products identified by co-chromatography with authentic standards gradually decreased with the incubation time especially for I, showing further oxidation of these products. 
Permethrin (I)
I was stable in the absence of porphyrin and remained at Ͼ93% of the applied 14 C with a trace amount of t-Cl 2 CA produced via ester cleavage. 4OMeTPPFeCl and Cl 8 TPPFeCl were poor catalysts but the usage of mCPBA slightly accelerated degradation by the latter porphyrin. The four porphyrins with a pentafluorophenyl group at each meso-position exhibited higher degradation of I with both peroxides. DePh-I and t-Cl 2 CA, respectively, formed via O-dephenylation and ester cleavage were detected, but no degradates hydroxylated at 2Ј-or 4Ј-position of the phenoxyphenyl moiety could be observed. Higher degradability towards I was observed for F 20 TPPFeCl than for the three octabrominated porphyrins as demonstrated by the residual amount of I, but the latter three porphyrins gave more dePh-I and t-Cl 2 CA as primary products. The brominated porphyrins additionally gave UK1 at a retention time of 31.5 min with its molecular-related ions, [MϩNa] ϩ and [MϪH] , tended to give more primary products.
Fenvelerate (II)
II was more resistant to oxidation than I when H 2 O 2 was used as an oxidant, irrespective of the presence of porphyrins. 4OMeTPPFeCl and F 20 Br 8 TPPFeCl did not act as a catalyst in the oxidation of II by mCPBA, while the other four porphyrins were effective to produce primary products. 4Ј-OH-II formed via hydroxylation at 4Ј-position of a 3-phenoxyphenyl moiety, CONH 2 -II via hydration of the a-cyano group, dePh-II via O-desphenylation and CPIA via ester cleavage were confirmed from [chlorophenyl-14 C] II by HPLC and TLC cochromatography with authentic standards. The same products except CPIA were also detected with similar distribution when [phenoxyphenyl- 14 C] II was used instead and the unknown product UK2 at a retention time of 28.5 min was observed for both radiolabels. By referring to LC-MS information, UK2 oxidatively generated from II was assigned to (RS)-a-cyano-3-(quinonyloxy)benzyl (RS)-2-(4-chlorophenyl)- C] II gave an additional unknown product, UK3. Different from I, hydroxylation at 4Ј-position proceeded in higher yields as well as hydration of the cyano group concomitant with less formation of the corresponding acid via ester cleavage. These results might indicate more reactivity at the ester linkage of I as compared with II. Not only substitution at the porphyrin ring but also the axial ligand was also found to modulate the catalytic reactivity of porphyrins. A similar order of oxidative ability producing these metabolites was observed for I and II, and the effect of the axial ligand was NO 3 
t-Cl 2 CA
The acid moiety of I, t-Cl 2 CA, was insensitive to oxidation by unaltered CRA, except for the chemical shift of one methine proton at 2.81 ppm. In contrast, the 13 C NMR spectrum was different from that of CRA with respect to the absence of two olefinic carbons at 133.6 and 122.4 ppm concomitant with the appearance of two methine carbons at 88.1 and 74.3 ppm. These MS and NMR spectra strongly suggested that the olefinic group of CRA was oxidized to the epoxide, and HH-COSY and HMBC spectrum supported this identification.
The other product with a retention time of 17.1 min (20.3%) was also subjected to ESI-LCMS analysis. The molecular-related ion [MϪH] Ϫ was detected at m/z 201 with a
dimeric ion [2MϪH] Ϫ and a fragment ion [MϪ(CH 3 ) 2 COH]
Ϫ at m/z 403 and 143, respectively, which suggested the chemical structure of 3-(1,2-dihydroxy-2-methylpropyl)-2,2-dimethyl cyclopropanoic acid (diOH-CRA). Other than these degradates, several degradates were isolated by TLC. Their MS spectrum showed the addition of 16, 32 or 48 amu to CRA and one or more oxygens were considered to be added to CRA, but they failed to be fully identified due to lability and paucity.
PBalc and PBacid
In the case of PBalc and PBacid, either oxidative cleavage of the ether linkage or stepwise hydroxylation at the phenoxyphenyl ring proceeded by iron-porphyrin catalysis. The hydroxymethyl group of PBalc was also oxidized to the car- H COSY, HMQC and HMBC spectrum gave the detailed structural assignment of benzoquinone and aromatic rings; cross-peaks by long-range correlations in HMBC were observed between carbonyl carbons and hydrogen atoms of benzoquinone at 6.82, 6.73 and 5.74 ppm . These results indicated the incorporation of oxygen into 2Ј-and 5Ј-positions of the 3-phenoxybenzyl moiety (QBalc), as shown in Fig. 3 .
The catalytic oxidation of PBacid gave three products. One of which was 3-OH-Bacid by HPLC and TLC co-chromatography with authentic standards. The chemical structure of one major unknown was assigned using the MS spectrum, [MϩH] ϩ was observed at m/z 245 with fragment ions [MϪ 
UV-Spectrum
The Soret band of each porphyrin in its UV-vis spectrum was monitored to examine the stability of each catalyst in chloroform during incubation in the absence of substrate with each oxidant. At room temperature, 4OMeTPPFeCl was quite unstable towards both oxidants from the rapid decrease of absorbance at 421 nm to Ͻ5% of the initial value after 50 min. Although 67-86% of each porphyrin remained unchanged after the 50 min reaction with H 2 O 2 , the unchanged fraction was less than 10% for Cl 8 TPPFeCl and F 20 TPPFeCl and even 30-60% for three polybrominated porphyrins. These results were in accordance with less self-destruction towards oxidation for iron porphyrins having many electron-withdrawing substituents.
23)
MO Calculation
The computational results for I, II, PBalc, PBacid, t-Cl 2 CA and t-CRA are summarized in Table 6 . Most electrons in the HOMO and next occupied (HOϩ1) MOs of I were distributed in the phenoxyphenyl and dichlorovinyl moieties, respectively. The second lower MO, (HOϩ2)MO, showed a localization in the phenoxyphenyl moiety similarly to HOMO. A similar trend was observed for II except for the electron distribution of (HOϩ1)MO in the 4-chlorophenyl ring. The energy level of these MOs was Ϫ9.0-Ϫ9.8 eV for both pesticides. In 3-phenoxybenzyl moiety, more electrons in HOMO of I and II were distributed at the ether linkage (C1Ј and C3), C4Ј and C6. A similar trend was observed for (HOϩ1)MO of I, while the corresponding electrons of II were more localized at C2Ј and C5Ј. The energy levels of HOMO were Ϫ9.2 and Ϫ9.6 eV for PBalc and PBacid, and most electrons in HOMO of PBalc were localized at ether linkage (C1Ј and C3), C4Ј and C6 similar to those of I and II. Although more electrons in HOMO of PBacid were distributed at phenyl moieties, those of (HOϩ2)MO were at the phenoxy group. The HOMO of tCl 2 CA at Ϫ9.590 eV was evenly localized in the olefinic carbons and two chlorines, while two lower-energy MOs at Ϫ10.618 and Ϫ10.833 eV were dominantly detected at two chlorines. Similarly as t-Cl 2 CA, about 65% of the electrons in HOMO of CRA at Ϫ9.410 eV were detected at the two olefinic carbons.
Discussion
The catalytic oxidation by iron porphyrin has been extensively investigated and not only the chemical structure of the porphyrin ring, including an axial ligand of the central iron, but also an oxidant governs the reaction mechanism, as shown in Fig. 1 . Nam et al. 24) first identified the reactivity of the adduct of the iron (III) porphyrin with a peroxide (b) in the catalytic hydroxylation of alkanes. If the axial ligand is Cl Ϫ in the porphyrin having an electron-withdrawing substituents at its ring, the direct hydroxylation by (b) proceeds with the partial formation of a homolytic product (c). In contrast, when the axial Each number (1-6, 1Ј-6Ј and 1Љ-3Љ) means the position of carbon in the 3-phenoxyphenyl and cyclopropyl moieties, as shown in Fig. 3 .
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ligand is a weaker electron donor, such as CF 3 SO 3 Ϫ , (b) is heterolytically degraded to (d), which reacts with a substrate. The reactivity of iron porphyrin is dominantly controlled by the redox potential of the central iron, which can be positively shifted by introducing electron-withdrawing substituents, such as bromine at b-position and halogenated phenyl groups at meso-positions. 25) Weaker electron donors, such as CF 3 SO 3 Ϫ and NO 3 Ϫ , are also known to have a similar effect on the redox potential of iron. 26) Nam et al. 27) have reported the extent of heterolysis variance by an oxidant and that mCPBA more easily caused the heterolytic degradation of (b) to (d) than H 2 O 2 . These considerations of the reaction mechanism can account for the higher formation of primary oxidation products of the tested compounds in the presence of mCPBA than H 2 O 2 and furthermore, by using the electron deficient porphyrin . Greater instability of 4OMeTPPFeCl and Cl 8 TPPFeCl in oxidation may be due to greater formation of oxoiron (IV) porphyrin (c) whose reactive oxygen atom attacks the pyrrole nitrogen, leading to the oxidative destruction of a porphyrin ring. 8) The heterolytic cleavage of the adduct (c) can explain the formation of t-Cl 2 CA and CPIA during oxidation. Since PM3 calculation showed much less electron distribution at the benzyl carbon of I and II, the attack of reactive oxygen in (c) was considered unlikely; however, heterolytic cleavage of the aryl O-O or HO-OH bond results in the formation of arylO Ϫ or OH Ϫ anion which would hydrolyze the ester bond of I and II.
The formation of CONH 2 -II may be also elucidated by this hydrolysis in the presence of peroxide. 28) According to the perturbation theory, a chemical reaction is considered to more easily proceed between sites where the difference in an energy level between corresponding MOs is smaller with larger electron distribution.
5) The overlap integral among the atomic orbitals of these sites should be considered, but the qualitative estimation of the reactive site in a substrate can be conducted using the two parameters as above. Katagi 29) has estimated the energy level of the dp-pp orbital localized at the O-Fe-Cl moiety of the oxoiron (IV) porphyrin cation radical (d) by PM3 calculations. The corresponding energy level was Ϫ9.297 eV (Cl 8 TPPFeCl), Ϫ9.917 eV (F 20 TPPFeCl) and Ϫ9.644 eV (F 20 Br 8 TPPFeCl). These three porphyrin gave dePh-I as a main identified product in the presence of mCPBA efficiently producing species (d) in Fig.  1 . The energy gap between the dp-pp orbital of F 20 TPPFeCl and (HOϩ2)MO of I was least and (HOϩ2)MO was dominantly distributed at the ether linkage (C3 and C1Ј), which was in good accordance with the highest yield of dePh-I. The interaction of the dp-pp orbital in Cl 8 TPPFeCl with HOMO of I and those of F 20 Br 8 TPPFeCl with (HOϩ2)MO was considered to give dePh-I but to a lesser extent. In the case of F 20 Br 8 TPPFeCl, efficient interaction of the dp-pp orbital with (HOϩ1)MO of I and the oxidized degradate at the acid moiety was considered most probable. UK1 was the first candidate but its chemical structure could not be identified. From the electron distribution in HOMO and (HOϩ2)MO of I, either 2Ј-OH-I or 4Ј-OH-I is also a possible degradate in catalytic oxidation but could not be detected. In contrast to previous studies usually conducted at a much lower temperature, 24) further exhaustive oxidation could easily occur in our study as demonstrated by the presence of many unidentified products and the dihydroxylated products in II, PBalc and PBacid. 2Ј-OH-and 4Ј-OH-I have a hydroquinone-like structure and so immediate further oxidation might result in the formation of dePh-I and other products. Based on modest electron distribution at the ether linkage (C3 and C1Ј) and C4Ј, quantum chemical elucidation well explained the formation of dePh-I and 4Ј-OH-I by F 20 TPPFeCl in the presence of mCPBA. In contrast to I, the corresponding electrons were more distributed at C2Ј and C5Ј, possibly due to the interaction of an electron-withdrawing cyano group in the benzyl group, which resulted in the formation of UK2, the 2Ј, 5Ј-quinone derivative. The detection of 4Ј-OH-II differently from I could not be well explained quantum-chemically, but the lower reactivity of II towards catalytic oxidation than that of I, as demonstrated by the lower reactivity of F 20 Br 8 TPPFeCl towards II, might reduce the contribution of further oxidation. Although the energy level of t-Cl 2 CA of HOMO was Ϫ9.590 eV, close to that of the dp-pp orbital of F 20 Br 8 TPPFeCl, t-Cl 2 CA was not oxidized in the presence of mCPBA. About 43% of HOMO electrons are distributed in two chlorine atoms, which are likely to reduce the oxidative reactivity of alkenyl carbons. In contrast, the close energy level of HOMO in CRA (Ϫ9.410 eV) to that of dp-pp orbital of Cl 8 TPPFeCl and F 20 Br 8 TPPFeCl together with the dominant electron distribution at two alkenyl carbons (ca. 65%) will elucidate the formation of epoxy and diOH-CRA. The lower energy levels of (HOϩ1) and (HOϩ2)MO at Ϫ11.012 and Ϫ11.317 eV indicated less oxidative reactivity at the cyclopropyl ring where they are localized, but sufficient oxidation might proceed since more than one oxygen atom is incorporated into CRA, as evidenced by LC-MS and 1 H NMR analyses. The similarity in both energy levels and electron distribution among PBalc, PBacid and the phenoxyphenyl moiety of II could explain the similar oxidative reactivity, which is in accordance with product distribution. The attack of reactive intermediate produced by porphyrin catalysis to the benzyl position was not expected to occur, considering its electron distribution. The formation of PBacid from PBalc via reaction in the presence of mCPBA and Cl 8 TPPFeCl was observed, which is likely to originate from direct oxidation by mCPBA, as reported previously. 30) Major metabolic pathways of I in plants, 31, 32) animals [33] [34] [35] and insects 36) are ester cleavage, hydroxylation at 2Ј, 4Ј and 6 position of the phenoxyphenyl moiety. The genimal methyl group was also hydroxylated before or after ester cleavage. Metabolic pathways of II was ester cleavage, hydroxylation at the phenoxy group, nitrile oxidation to form CPIA, PBalc, 4Ј-OH-II and CONH 2 -II, respectively. 37) None of these hydroxy-lated metabolites were produced from II in the present study, but 2Ј-and 4Ј-OH derivatives would be formed as intermediates because the 2Ј,5Ј-quinone-type degradate was detected. Hydroxylation at the methyl groups in the cyclopropyl ring was not positively observed under the tested condition, which may in part be due to the lower chemical reactivity at this site in the solution phase, as demonstrated by quantum chemical calculations, but the active site of CYP450 would overcome the lower reactivity by specific binding of a substrate in the neighborhood of the reactive Fe-O site. Similar inconsistency is not known for the porphyrin-catalyzed oxidation of camphor; 38) however, the present porphyrin-catalyzed method was found to give many in vivo metabolites from I, II and the corresponding acid and alcohol moieties, which showed the usefulness of the method using artificial iron-porphyrins.
